With the expanding use of immune checkpoint blockers typified by anti-programmed death-1 (PD-1) and anti-cytotoxic T-lymphocyte-associated protein 4 monoclonal antibodies (Abs) for antitumor therapy, the number of patients showing immune-related adverse events (irAEs) is increasing. Skeletal muscle is one of the target tissues of irAEs and several features of myopathy as irAEs have been reported: myasthenia gravis (MG) overlap, cardiac involvement, necrotizing myopathy, and inflammatory myopathy with T-cell and B-cell infiltration. [1] [2] [3] [4] However, the immunopathogenesis of muscle destruction remains unclear. Here, we report 2 cases of granulomatous myositis after anti-PD-1 therapy.
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Case reports

Case 1
A 79-year-old woman with stage IV lung adenocarcinoma developed nonfatigable mild proximal limb weakness (Medical Research Council [MRC] grade 4) 14 days after the fourth cycle of nivolumab. She presented no skin rash and showed no ocular, bulbar, truncal, or respiratory symptoms. She had well-controlled concurrent breast cancer. Laboratory test results showed an elevated serum creatine kinase (CK) level of 1,638 IU/L. Myositis-specific autoantibodies (MSAs), anti-acetylcholine receptor (AChR) Ab, and anti-titin Ab were negative. Antistriated muscle Abs were not measured. Electrocardiography findings were normal. EMG showed spontaneous activity. Chest CT showed no lesions except the cancers.
Biopsy of the biceps brachii muscle showed patchy mononuclear cell infiltrates and granuloma formation in muscle fascicles ( figure 1A ). In the granulomas, CD11c + M1 and CD163 + M2 macrophages were abundant (figure e-1, links.lww.com/NXI/A46), and CD11c + M1 macrophages frequently invaded non-necrotic fibers and formed granulomatous collection inside the basal lamina of muscle fibers (figure 1, B-D). CD8 + T cells invading non-necrotic fibers were also observed ( figure 1E ). PD-1 + cells were scattered in granulomas (figure 1F), and programmed death-ligand 1 (PD-L1) was upregulated on the non-necrotic fibers around granulomas ( figure 1G ). Electron microscopy confirmed the macrophage invasion of non-necrotic fibers (figure e-2, links.lww.com/NXI/A46). Nivolumab was discontinued, and oral prednisolone 50 mg was started. Her symptoms improved dramatically with complete resolution, and prednisolone was tapered off within 3 weeks. During 20 months of follow-up, she showed no neurologic recurrence and received conventional chemotherapy.
Case 2
A 70-year-old man who received pembrolizumab (anti-PD-1 Ab) and axitinib (tyrosine kinase inhibitor) for treatment of renal cell carcinoma developed left ptosis, diplopia, and weakness with myalgia in his neck and left shoulder (MRC grade 4) without bulbar, respiratory, or cardiac This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal. symptoms 2 days after the second cycle of pembrolizumab. He showed no fluctuation of symptoms or fatigability. Laboratory test results showed an elevated serum CK level of 1,832 IU/L, positivity for anti-AChR Ab (0.8 nmol/L), and negativity for MSAs. Anti-striated muscle Abs were not measured. EMG of the right arm and repetitive nerve stimulation (RNS) in the left deltoid muscle showed no abnormalities. Electrocardiography and chest CT findings were normal.
Biopsy of the left deltoid muscle showed mononuclear cell infiltration and giant-cell granulomas ( figure 1H ). CD11c + M1 macrophages frequently invaded non-necrotic fibers (figure 1, I and J). Small granulomas replacing muscle fibers always contained both CD11c + M1 and CD163 + M2 macrophages (figure 1, K and L). Pembrolizumab was discontinued and IV immunoglobulin, oral prednisolone 30 mg, and pyridostigmine were started. His symptoms improved markedly with normalization of serum CK within 1 month. Prednisolone was tapered to 7.5 mg over the next 5 months. During 6 months of follow-up, he showed no neurologic or oncological recurrence.
Discussion
In this study, we reported cases of granulomatous myositis as an irAE. Although patients with necrotizing myopathy with a fatal outcome were reported previously, 2 our 2 patients showed a favorable outcome of immunosuppressive therapy. One patient (case 2) with low-titer anti-AChR Ab may be overlapped with MG. Low titers of anti-AChR Ab with normal RNS were reported in patients with MG or myopathy-MG overlap as irAEs. 2, 4 The pathomechanisms of myopathy as an irAE are still unclear. Activated T cells, which target an antigen shared by tumors and skeletal muscles, have been suggested to have a role in irAEs. 1 Our study showed not only T cells attacking non-necrotic fibers but also M1 macrophages attacking non-necrotic fibers and forming granulomas, indicating that macrophages along with T cells are involved in the immunopathogenesis. Both proinflammatory M1 and anti-inflammatory M2 macrophages are involved in granuloma formation. 5 Recent studies suggest that PD-1 inhibition directly affects macrophages and PD-1 depletion induces M1 polarization. 6, 7 In our cases, PD-1 blockade may have promoted M1 polarization, leading to the M1 macrophage invasion of non-necrotic fibers with granuloma formation.
Of interest, PD-L1 was overexpressed on non-necrotic fibers around granulomas. PD-1/PD-L1 pathway activation inhibits immune-mediated attacks by T cells. Therefore, PD-L1 upregulation on non-necrotic fibers may be a protective reaction. To explore measures to prevent myopathy as an irAE, further studies on the immunopathogenesis are necessary.
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